Introduction {#Sec1}
============

In this article we examine the relationship between efficiency and hospital profits. Jacobs et al. ([@CR35], p. 1) state that "The pursuit of efficiency has become a central objective of policy makers within most healthcare systems". Rosko and Mutter ([@CR63]) point out that while costs can be reduced by socially undesirable ways such as reducing quality or reducing quantity of services (which reduces access), improvements in efficiency allow an increase in quality or quantity of services for the same outlay. However, increasing efficiency allows a reduction of costs without affecting quality or access and the attention to efficiency in the literature has been substantial. For example, Hussey et al. ([@CR33]) reported that over 5550 titles related to healthcare efficiency were published between 1990 and 2005. The Institute of Medicine included efficiency as one of six aims for the twenty-first century health system in its report Crossing the Quality Chasm ([@CR34]). As a result of the provisions of the Affordable Care Act of (2010), Medicare has implemented the Value-Based Purchasing (VBP) Program which rewards hospitals for the provision of efficient and good quality and patient centered care (Turner et al. [@CR72]).

This study focuses on the relationship between efficiency and profit in 1317 not-for-profit (NFP) hospitals in 2015. Profit, the difference between revenue and expenses, is needed to sustain and grow the organization. It is likely that the COVID-19 pandemic has had a substantial negative effect on hospital profitability. Financial difficulties can deter hospital efforts to acquire new technology (Huang [@CR32]), attract well-trained and gifted healthcare professionals, and make structural changes needed to deliver patient care in today's value-based purchasing environment (Bazzoli et al. [@CR5]; Singh and Wheeler [@CR67]). Furthermore, poor financial performance influences outcomes of care and limits access by either reducing services or causing hospital closure (Bazzoli et al. [@CR5]; Bazzoli et al. [@CR4]). Profits allow organizations to have a financial buffer to respond to the ever-changing healthcare environment and to commit resources to performance improvement projects which are highly needed in today's VBP reimbursement schemes. NFP hospitals rely on retained earnings (i.e., operating surplus) as an important source of funding capital projects and, unlike for-profit (FP) hospitals, they cannot sell shares to raise financial resources (Singh and Wheeler [@CR67]). Therefore, profitability is important for both for-profit and not-for-profit hospitals.

There has been much interest in measuring health care efficiency and identifying sources of inefficiency. Hussey et al. ([@CR33]) point out that the term efficiency is used by different stakeholders to connote various constructs. While the Institute of Medicine (IOM) ([@CR34]) has defined efficiency as "avoiding waste", most definitions consider a relationship between inputs and outputs. Further, the definition of efficiency may have an output (e.g., the maximization of outputs, quality of care, and outcomes given the resources committed (Davis et al. [@CR13])) or an input orientation (e, g., the minimization of inputs needed to produce a target output). In this study, we use stochastic frontier analysis (SFA) to estimate cost-inefficiency (i.e., the difference between observed costs and the costs that would occur on the Best Practice Cost Frontier, given the hospital's output mix and the input prices it faces) because it reflects most sources of measurable inefficiency. SFA cost-inefficiency is very similar to X-Inefficiency (i.e., the difference between optimal performance and actual performance) (Leibenstein [@CR43]).

Cost-inefficiency may be due to any of the following types of inefficiency: technical, allocative, scale, or scope. Technical inefficiency arises when the hospital does not maximize output given a set of inputs consumed. For example, if a hospital that employed a combination of inputs that was capable of producing 1000 units of output, but only produced 600 units of output, it would be considered 40 percent inefficient or 60 percent efficient. Allocative inefficiencies occur when hospitals do not use the least costly combination of inputs in producing output. Scale inefficiencies occur when the hospital fails to produce at the minimum point of its long-run average cost curve because it is either too small (i.e., experiencing increasing returns to scale) or too large (i.e., experiencing decreasing returns to scale). Scope inefficiencies are due to the hospital's inability to reap the advantages that sometimes occur in the joint production of outputs that require similar inputs (e.g., providing adult and pediatric care in the same general hospital).

This is the first article that uses a measure of efficiency based on stochastic frontier analysis (SFA) to examine the association between efficiency and hospital profitability with a focus on NFP hospitals. We followed the methods of Greene and Segal ([@CR27]), who studied the association between efficiency and profitability in the life insurance industry.[1](#Fn1){ref-type="fn"} Although the conventional wisdom argues that increases in efficiency should increase profitability, Kaplan and Norton ([@CR101]) argued that the linkage between operating performance and financial success is actually tenuous and uncertain. This is especially true in NFP organizations. While it is expected that FP hospitals will attempt to increase efficiency in their quest for profits, NFP hospitals have other goals. For example, Newhouse ([@CR50]) postulated that administrators at NFP hospitals attempt to maximize their utility from quality and quantity subject to a break-even constraint. Pauly ([@CR54]) agreed that NFPs act differently than FPs but mentioned that it is impossible to directly identify which objective NFP hospitals pursue because it is impossible to observe a hospital's utility function. Recognizing the aphorism, no margin/no mission, while NFP hospitals may not aim to maximize profits, we hypothesize that increasing efficiency would help to earn a surplus, which in turn, would help fund future activities that are implemented to achieve their objectives. Furthermore, given that profitability is not the main objective of NFP hospitals, we expect the relationship runs from efficiency to profitability and is not the two-way relationship we might expect in FP hospitals. We checked for this using a Hausman test which could not support the existence of endogeneity.

Conceptual framework {#Sec2}
====================

The association between efficiency and firm profitability is well established and an important area of research given the impact profitability has on organizational survival and growth. Organizations need to generate profits to ensure the availability of resources needed for the continuity, adaptability, and growth of the firm. In this section, we focus on the relationship between efficiency and profitability and present other organizational and market determinants of profitability.

Profit is the difference between revenue and expense. Organizations can increase their profitability by either increasing their revenues or by decreasing their expenses or a combination of both. Increased profitability is the result, among other factors, of organizations efficiently transforming their inputs (resources) to increase their output (Baik et al. [@CR3]). Greene and Segal ([@CR27]) argue that "inefficiency affects profits and growth through the negative effects of wasted resources on earnings and cash flow" (p. 230). Efficient organizations are capable of transforming input into output through processes that are designed to minimize waste. Findings from different industries support the proposition that organizational efficiency is associated with profitability. For example, Greene and Segal ([@CR27]) found a negative association between inefficiency and organizational profitability in the life insurance industry. Berger ([@CR6]) identified a positive impact of efficiency on the profitability of banks. In a descriptive study, Rosko et al. ([@CR65]) found that hospitals in the highest quartile of efficiency were substantially more profitable than hospitals in the lowest quartile of efficiency. However, two frontier studies in the banking industry could not find a relationship between efficiency and profitability (Goddard et al. [@CR20]; Papadopoulos [@CR53]).

NFP hospitals are private charitable institutions that are owned by religious or private secular entities. They operate under a non-distribution constraint, i.e., they are not allowed to directly distribute residual income to managers or board members. Thus, NFP hospitals are likely to be utility maximizers (Newhouse [@CR50]). While many things might yield utility, NFPs are likely to attempt to provide high quality and prestigious services and graduate medical education, as well as community benefits and charity care, as long as this does not threaten their financial solvency. Given the absence of residual claimants who would pressure managers for profits, managers of NFP hospitals may be less likely to aggressively seek to maximize profit. However, Leibenstein's ([@CR43]) X-Efficiency theory predicts that external pressures that threaten solvency would cause managers of NFP hospitals to adopt strategies and tactics (including actions to increase efficiency) similar to their FP counterparts to improve their financial position. Indeed, Potter ([@CR56]) found that NFP hospitals that faced similar competitive and regulatory (e.g., under-payment by public payers) dynamics as FP hospitals tended to behave like FP hospitals. Therefore, we predict a positive relationship between efficiency and profits in NFP hospitals.

Since profitability is the difference between revenue and expense, a comprehensive model of profit determinants must consider factors that influence revenues and not focus solely on efficiency which primarily affects expenses. It has been argued that firm size is probably one of the most important structural dimensions that influences a firm's performance (Damanpour [@CR12]; Hannan and Freeman [@CR29]; Smith et al. [@CR68]). Previous research found a positive relationship between organizational size and profitability (Hall and Weiss [@CR28]). Lee ([@CR42]) studied 70,000 publicly traded firms over a 9-year period and found a significant positive relationship between organizational size and profits. Porter ([@CR55]) argues that larger organizations build on brand recognition and economies of scale in their strategies. This is particularly true in the hospital industry where larger hospitals and systems tend to be more visible in their communities and to have more bargaining power with suppliers (Kazley and Ozcan [@CR39]) and insurers. Related to size are also the effects of system membership, which can convey the benefits of market power and firm-level scale effects (Rosko et al. [@CR64]; Melnick and Keeler [@CR48]).

Larger organizations possess an array of attributes that allows them to achieve higher levels of profitability. Larger hospitals tend to have more market power, slack, administrative and marketing resources, research and development capabilities, and other advantages that allow these organizations to innovate (Gaynor and Town [@CR19]; Nord and Tucker [@CR52]). As Damanpour ([@CR12]) explains; "larger organizations employ more professional and skilled workers, hence, these organizations have higher technical knowledge and technical potential" (p. 377). Larger hospitals, like larger firms, are expected to have the financial, human and technology resources and capabilities needed to capitalize on opportunities in the environment to generate more profits. We predict that hospital size is positively associated with hospital profitability.

Economic theory emphasizes the role market factors play in shaping firm performance (Hansen and Wernerfelt [@CR30]). Industry attractiveness influences firm profitability (Grant [@CR23]). Industry factors such as market share enable organizations to maximize their profitability by allowing them more freedom in setting service and product prices (Bai and Anderson [@CR2]). This is particularly true in the hospital industry whereby in addition to size, market share strengthens a hospital's position in negotiation with insurance companies (Gaynor and Town [@CR19]**)**. Therefore, we predict that hospitals with a greater market share are more profitable. Similarly, we expect profitability to be positively associated with market concentration.

Another external factor that can affect hospital profitability is regulatory and public payment policy. Medicare and Medicaid account for over 40% of payments to hospitals, on average. The relative generosity of these payments can have an important impact on hospital profits. In the early years of prospective payment, Medicare was a munificent payer for most urban hospitals. However, in recent years most hospitals have tended to lose money when serving Medicare patients (Medpac [@CR45]; MedPac [@CR47]). Medicaid, a joint federal-state program for the categorically needy, has underpaid most hospitals since its inception (Cunningham, et al. [@CR11]). Therefore, we expect increases in the share of patients covered by Medicare or Medicaid would adversely affect hospital profits. We included another policy variable to reflect hospital location in a Medicaid expansion state. Hospitals in states that expanded Medicaid eligibility, pursuant to the provisions of the Affordable Care Act of 2010, should have less uncompensated care expense (Dranove et al. [@CR16]) and this should lead to increased profitability.

Consistent with other hospital studies (Bai and Anderson [@CR2]; Bazzoli et al. [@CR5]; Blavin [@CR7]; Rosko et al. [@CR65]; Schneider et al. [@CR66]; Turner et al. [@CR72]), we also included variables for academic medical center, average length of stay, and occupancy rate. These will be discussed in the methods section.

Methods and data {#Sec3}
================

Our primary interest is the relationship between cost efficiency and hospital profitability. We first describe how hospital efficiency is estimated and follow that with a discussion of our hospital profitability model.

SFA cost-efficiency model {#Sec4}
-------------------------

We use an SFA model developed by Jondrow et al. ([@CR36]) to estimate hospital cost- efficiency. Early techniques to measure hospital efficiency included ratio analysis and OLS regression (Rosko [@CR59]). Ratio analysis does not work well for multi-product firms (too may ratios to consider), relies on arbitrary inefficiency criteria, such as a median or percentile cutoff point, and there is an information loss caused by the averaging out effects of OLS. Moreover, OLS may have a biased intercept (Kumbhakar and Lovell [@CR41]). Frontier techniques such as data envelopment analysis (DEA) and stochastic frontier analysis (SFA) were developed to overcome these problems. A particularly useful feature of SFA is that it allows for the inclusion of many product descriptor variables which helps account for output heterogeneity.

The first health care application of SFA was published by Wagstaff ([@CR74]), who examined 49 Spanish hospitals. Zuckerman et al. ([@CR80]) published the first SFA-based study of US hospitals. Rosko and Mutter ([@CR63]) reviewed the results from 27 U.S. hospital SFA studies. The non-parametric alternative to SFA is DEA. A preference for SFA or DEA has not been established in the hospital efficiency estimation literature, and it is unlikely that such a consensus will occur. Frontier experts suggest that the choice of technique should be context specific (i.e., based on the goals of the analysis and the availability of data; Coelli et al. [@CR10]). We choose SFA because it estimates cost-efficiency which is a broader measure (i.e,. is based on a best practice cost frontier rather than a best practice production frontier) than technical efficiency which is usually estimated by DEA. Therefore, it is likely to reflect more factors that affect profitability than would a DEA-based measure of technical efficiency.

Model specification {#Sec5}
-------------------

SFA decomposes variations from the best practice frontier (BPF) into a random or classical error and a deterministic error, which is assumed to represent cost-inefficiency. Our framework for the estimation of the BPF is the neoclassical cost function which assumes that total expenses depend upon input prices and output volumes. Recognizing that outputs, such as admissions, are heterogeneous, it is important to control variations in input requirements for different types of admissions by including product descriptor variables that reflect differences in services, patient case mix, and hospital quality. Following theory (Kumbhakar and Lovell [@CR41]) and the hospital literature (Grannemann et al. [@CR22]; Rosko et al. [@CR65]), we use the following hybrid cost function:$$\documentclass[12pt]{minimal}
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                \begin{document}$$e_{i} = v_{i} + u_{i}$$\end{document}$$where *v* is statistical noise (i.e., assumed to be distributed as N(0, σ^2^)), and *u* consists of positive departures from the cost-frontier and represents cost-inefficiency (i.e., the percentage by which observed costs exceed minimum costs predicted for the best practice cost frontier) (Lovell [@CR44]).

Although *u* is frequently assumed to follow a half-normal distribution, there is no theoretical reason for the selection of this or other distributional forms for *u*. Coelli et al. ([@CR10]) indicate that the specification of a more general distribution such as the truncated-normal has partially alleviated concerns about the arbitrary choice of a distribution. However, concerns about this issue may be overstated as reviews of both the general literature (Coelli et al. [@CR10]) and the health services research literature (Rosko and Mutter [@CR61]) have consistently reported that varying assumptions about the distribution of the deterministic error has had little impact on estimated inefficiencies.

We used a hybrid form of the Cobb--Douglas cost function model to estimate the stochastic cost frontier for a sample of U.S. hospitals. It can be expressed as follows:$$\documentclass[12pt]{minimal}
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We imposed the standard assumption of linear homogeneity in input prices by normalizing the equation by the Medicare Wage Index. Thus, the dependent variable is the logarithm of total expenses divided by the wage index. The continuous output and input price variables also were also log-transformed. The price of two inputs, capital and labor, are recognized by the cost-function. The Medicare Wage Index was used for the price of labor. Following past practices (Rosko et al. [@CR65]; Zuckerman et al. [@CR80]), the price of capital was approximated by the area (i.e., core-based statistical area) average depreciation and interest expenses per bed. The input price variables were also normalized by the price of labor. Since the price of labor (i.e., Medicare Wage Index) was divided by itself, it is removed from the equation.

The outputs in the cost function included inpatient admissions, outpatient visits, and post-admission patient days (i.e., total inpatient days minus total admissions). The results of a Hausman specification test (p \< 0.05) suggest that hospital outputs can be treated as exogenous, an assumption common to hospital cost studies (Grannemann et al. [@CR22]).

A key concern in hospital SFA studies is hospital quality and patient burden of illness might masquerade as inefficiency (Mutter et al. [@CR49]). This could cause a downward bias in the efficiency estimates for hospitals (e.g., academic medical centers) that tend to attract patients that present more severe problems. Therefore, we used a variety of product descriptor variables to control for the heterogeneity of output in hospitals. Following the methods of Rosko et al. ([@CR65]) we included: the Medicare Case-Mix Index, the ratio of outpatient surgeries to total outpatient visits, the ratio of emergency department visits to total outpatient visits, and the ratio of beds classified as acute care to total hospital beds and the ratio of births to total admissions. All of these reflect case mix severity and the first four are expected to have positive coefficients. The absence of publicly available case-mix indices for outpatient care necessitated the use of proxies for this measure. While the Medicare Case-Mix Index has been shown to be highly correlated with the overall case-mix index of hospitals, we included the ratio of births to total admissions to reflect a dimension of case-mix among the non-Medicare population. Since some hospitals serve a mixture of acute care and nonacute care patients, we included the proportion of total hospital beds classified as acute care to reflect patients who would not be included in the DRG-based Medicare Case-Mix Index. Following an approach similar to Zuckerman et al. ([@CR80]), teaching status was incorporated using three binary variables related to the number of residents and interns trained by the hospital. The three categories of teaching are based on tritiles of the number of residents and interns trained by the hospital and non-teaching hospitals serve as the omitted reference category. The teaching variables reflect monotonically increasing levels of teaching activity. Teaching status reflects not only post-graduate medical education output but also it is a structural measure of quality (Taylor et al. [@CR70]).

We also included a measure of reservation quality in the cost function. The use of reservation quality is consistent with the premise that some empty beds are not waste (Folland and Hofler [@CR18]). Rather, they provide a safety margin for surges in demand. The use of this variable may reduce a potential bias against small hospitals that typically experience more variation in inpatient utilization (Folland and Hofler [@CR18]). We followed Joskow's ([@CR37]) method of calculating reservation quality by dividing the difference between total beds and average daily census by the square root of average daily census.

In addition to the above, variations in quality were controlled by the inclusion of variables for the clinical process of care and patient and caregiver centered experience of care.[2](#Fn2){ref-type="fn"} This data has become available to the public only recently and this is the first time these variables have been used in an SFA study. The Centers for Medicare and Medicaid Services (CMS) Value Based Purchasing (VBP) program rewards or penalizes hospitals based on their performance on key domains of performance which include clinical processes, patient safety, patient outcomes, patient experiences and efficiency (cost per Medicare beneficiary) (Turner et al. [@CR72]). The domains and measures have changed over time; some measures have been dropped and new measures have been added. For example, the patient safety and efficiency domains were added in recent years. This data is reported on CMS Hospital Compare website ([www.medicare.gov/HospitalCompare/Data/total-performance-scores.html](http://www.medicare.gov/HospitalCompare/Data/total-performance-scores.html)). Descriptive statistics for the variables in the SFA model are provided in the Appendix in Table [4](#Tab4){ref-type="table"}.

The parameters of the cost frontier and cost-efficiency were estimated by a maximum likelihood method using the FRONTIER 4.1 program (Coelli [@CR100]). The cost efficiency of the ith hospital is defined as the ratio of the stochastic frontier total costs to observed total costs. The stochastic total cost frontier is defined by the value total costs would be if *u*~i~ (i.e., the cost-inefficiency effect) were zero (i.e., full efficiency).

Our SFA model assumed a Cobb--Douglas production technology and that the composed error that represents inefficiency followed a truncated-normal distribution. Although the translog cost function is often used in hospital-based SFA studies because of its flexibility (Rosko and Mutter [@CR63]), we estimated a Cobb--Douglas function which restricts the higher-order terms (i.e., squared and cross-products which are very highly correlated) of the output and input price variables to equal 0. Estimating the translog cost function can lead to counter-intuitive parameter estimates. This is a common side-effect of multi-collinearity, which can cause estimates to be less reliable and make sign changes (Greene [@CR26]). The parameter estimates for the SFA model are presented in Table [5](#Tab5){ref-type="table"} in the Appendix. The cost-inefficiency estimates were slightly larger (i.e., mean of 0.1048 vs. 0.0766) when the Cobb--Douglas form was assumed rather than the translog. The hospital-level inefficiency scores obtained from the two models were very highly correlated---i.e., r = 0. 923. As expected with these high correlations, the parameter estimates in the profit equations were very similar when the efficiency scores based on either of the two models were used.

In specifying the model, we also had to make an assumption about the distribution of the composed error that represents efficiency. Although the half-normal distribution has been used the most, there is no a priori justification for the use of any particular distribution for the cost inefficiency effects, u~i~. Stevenson ([@CR69]) addressed this issue by specifying a truncated-normal distribution, which is a generalization of the half-normal distribution. Since the half-normal distribution is a special case of the truncated-normal distribution where the mode (designated by μ) equals 0, the appropriateness of using the half-normal distribution was assessed by testing H~0~: μ = 0. \[A more complete discussion is available in Kumbhakar and Lovell ([@CR41])\]. Based on the results (*p* \< 0.01) of a log-likelihood restriction test we rejected the null hypothesis and chose the truncated-normal distribution. However, the efficiency scores were not sensitive to our choice of error term as the scores obtained when using the two distributions were very highly correlated---i.e., r = 0.959.

The mean estimated cost-inefficiency was 10.48%. In the profit equation we reverse code it (i.e., 1---cost-inefficiency) and call it efficiency for ease of interpretation. This yields a mean efficiency score of 89.52%. Our mean efficiency estimate is within the range (albeit towards the upper limit) of past SFA studies. For example, in Rosko and Mutter's ([@CR61]) review of U.S. hospital studies, the mean estimated efficiency score ranged from 62.9 to 92.5%. Hollingsworth ([@CR31]) reviewed 59 frontier studies (i.e., SFA and DEA) of US hospitals and found that the mean of all efficiency scores was 82.6%. Looking at other industries, Vitaliano and Toren's ([@CR73]) study of US nursing homes estimated that cost efficiency was 71.0% and Greene and Segal's ([@CR27]) study of US insurance companies had efficiency estimates that ranged from 62.1 to 65.2%. Greene's ([@CR25]) study of the electricity industry had estimates ranging from 92.1 to 93.5%.

Higher efficiency scores tend to be found in studies of industries where the output is more homogenous (e.g., electricity) or when more elaborate controls for product mix variations are used. For example, Zuckerman et al. ([@CR80]) reported that the mean efficiency score increased from 81.2% in an equation where just a basic cost function was used to 86.6% when variety of variables representing hospital characteristics and output were used. Rosko and Chilingerian ([@CR60]) reported similar results (i.e., means increased from 82.0 to 92.5% when a basic model was replaced by a model with control variables for severity and complexity of illness.

Hospital profitability model {#Sec6}
============================

Data {#Sec7}
----

The dependent variables in the profitability analysis are operating margin (i.e., \[(net operating revenue − total operating expenses)/net operating revenue)\] and total margin (i.e., \[(total net revenue − total expenses)/(total net revenue)\]. Both are commonly used in hospital profitability studies (Bazzoli et al. [@CR5]; Burkhardt and Wheeler [@CR8]; Blavin [@CR7]). The former more closely reflects the effect of payment pressures on hospital financial performance while the latter more closely reflects the solvency of the hospital.

We started with 1439 metropolitan,[3](#Fn3){ref-type="fn"} NFP, general, acute care hospitals. However, we excluded 96 hospitals because they did not report data for at least 360 days (n = 30) or had missing data (n = 66). Following past practices (Goddard et al. [@CR21]; Bazzoli et al. [@CR5]), we excluded an additional 26 hospitals that fell outside the 1st through 99th percentiles of operating margin or total margin to avoid outliers and/or implausible values for these margins. This resulted in a final file with 1317 hospitals located in the contiguous United States (except for those located in Maryland which were excluded because they did not report two key quality variables pertaining to process of care and patient experience as well as the Medicare Case-Mix Index that were used in the SFA efficiency estimation) and the District of Columbia. The mean values of the variables in the trimmed and untrimmed files were almost identical. We found the regression results for the data set that was untrimmed were very similar (in terms of sign and level of significance) to those obtained with the smaller data set.

We used data for 2015 for all variables. Data for operating and total margin were obtained from Medicare Hospital Cost Reports. The American Hospital Association (AHA) Annual Survey was used for hospital characteristics. The Area Health Resources File was used for market-level (i.e., county) data for the unemployment rate. AHA data for hospital admissions was aggregated to the county level to create a market competition variable (i.e., Hirschman--Herfindahl Index (HHI) based on inpatient admissions). Wong et al. ([@CR77]) reported that the definition of the market (i.e., county or geographical radius from the hospital) had little impact on association of the impact of competition on hospital expenditures.[4](#Fn4){ref-type="fn"}

Binary variables (0/1) were entered for the following hospital characteristics: academic medical center (i.e., member of the Council of Teaching Hospitals), location in a Medicaid expansion state, and system member (i.e., member of a multi-hospital system). We expect the last two variables to be positively associated with profits as Medicaid expansion should reduce uncompensated care expenses (Dranove et al. [@CR16]) and system membership should confer the advantages of firm-level scale effects to the hospital. However, it is impossible to develop a priori expectations for the variable reflecting academic medical centers. While these hospitals receive extra payments from public and private payers, it is unclear whether these extra payments accurately reflect the extra costs that academic medical centers incur.

We used Medicare and Medicaid share of admissions (i.e., Medicaid or Medicare admissions divided by total admissions) to reflect financial pressures associated with serving patients funded by the two dominant public payers in the United States. Medicare payments were less than expenses in the average hospital in 2015 (MedPac [@CR46]). Medicaid is a joint federal/state program for the categorically needy. Medicaid payments to hospitals tend to be less than the costs incurred in treating Medicaid patients in most states (Cunningham et al. [@CR11]).

We also included variables for average length of stay (i.e., total patient days divided by total admissions) and occupancy rate (total patient days divided by total bed days available). The latter variable should be positively associated with profits (Schneider et al. [@CR66]). The former variable might reflect the effectiveness of care processes or unobserved variations in the patient burden of illness. We expect this variable to be inversely associated with profitability, a proposition supported by Rauscher and Wheeler ([@CR57]).

We used the number of beds to reflect size. Larger hospitals might be able to negotiate higher payment rates from private health plans, and this should contribute to enhanced profitability. However, to the extent that diseconomies of scale exist, larger hospitals will have greater increased average costs. We expect that larger hospitals would be more profitable.[5](#Fn5){ref-type="fn"}

We included two market-level variables; market concentration and unemployment rate. We used the county as the market area. We constructed a Herfindahl--Hirschman Index (HHI) based on admissions in the county as a measure of market power.[6](#Fn6){ref-type="fn"} Hospitals in the same system in the same market area were treated as one firm in the calculation of the HHI.[7](#Fn7){ref-type="fn"} We expect profits to be positively associated with concentration of output. The unemployment rate is used to reflect the level of demand for health services and ability to pay and we expect it to be inversely related with profits. Descriptive statistics for the variables are presented in Table [1](#Tab1){ref-type="table"}.Table 1Descriptive statistics for variables in the profit models (n = 1317)VariableMeanSDMinMaxOperating margin0.01130.1081− 0.43210.3379Total margin0.05130.0905− 0.29180.3523Efficiency score^a^0.89140.05360.43881.0000Academic medical center0.12300.328601Average length of stay4.74761.23131.702615.2356Beds295.3789239.0801202654Herfindahl--Hirschman Index^b,c^0.34540.23760.05231Medicaid expansion state0.66740.471301Medicaid share of admissions0.19660.09240.01060.7457Medicare share of admissions0.47920.09590.12960.7496Occupancy rate0.61680.14320.15320.9853System member0.80110.399401Unemployment rate^c^5.21171.33432.200021.8000^a^To facilitate interpretation, we reverse coded (1-inefficiency score) cost-inefficiency. To provide a "truer" benchmark for the efficiency estimate, the SFA analysis included all (n = 1823) metropolitan, NFP and FP, general, acute care hospitals for which complete data were available^b^Based on all competing hospitals (includes acute, general, local government hospitals but not federal hospitals) for which admissions data were available^c^County-level variable

Results {#Sec8}
=======

As Table [2](#Tab2){ref-type="table"} shows the mean value of operating margin was significantly higher (*p* \< 0.01) in system member hospitals and significantly lower (*p* \< 0.01) in academic medical centers (AMCs) and in hospitals located in states that expanded their Medicaid programs. Similar results were found for the total margin except that the mean difference for AMCs was no longer significant.Table 2Mean values of operating margin and total margin by binary variables in regression equationsOperating marginTotal marginYesNoYesNoAcademic medical center− 0.01120.0145\*\*0.06080.0499Medicaid expansion state− 0.00160.0371\*\*0.04270.06842\*\*System member0.0183− 0.0172\*\*0.05570.0334\*\*\*Mean significantly different at *p* \< 0.05\*\*Mean significantly different at *p* \< 0.01

Preliminary analysis of the regression equations, using a Breusch-Pagan test for heteroskedasticity, rejected the null hypothesis of constant variance against the number of inpatient beds, a proxy for size. Therefore, we used the robust standard error in Stata, Version 15. We were also concerned that reverse causality (i.e., profits could also affect efficiency e.g., hospitals might invest profits into efficiency improvement initiatives) could bias the results. However, the results of a Hausman test (*p* \< 0.05) could not support the existence of endogeneity.

The OLS parameter estimates, corrected for heteroskedacity, when operating margin and total margin were used as dependent variables, are reported in Table [3](#Tab3){ref-type="table"}. We use *p* \< 0.05 as our threshold for the significance of the parameter estimates. The estimated coefficient of efficiency was significant in both equations with a slightly larger value in the operating margin equation. Hence, we reject the null hypothesis that efficiency is not associated with profitability. The results suggest that operating margin would increase by 0.02204 if efficiency increased by 10 percent and all other factors remained the same.Table 3Parameter estimates (OLS with robust standard errors), operating margin and total margin, 2015 (n = 1317)VariableOperatingTotalMarginMarginReg. coef.t value^a^Reg. coef.t value^a^Efficiency score0.2204\*\*3.830.1555\*\*3.18Academic medical center− 0.0212\*− 2.140.00310.41Average length of stay− 0.0230\*\*− 7.50− 0.0159\*\*− 4.81Beds0.0000\*2.460.0000\*\*2.90Herfindahl index^b^0.0529\*\*4.460.0377\*\*3.77Medicaid expansion state− 0.0180\*\*− 2.78− 0.0127\*− 2.27Medicaid share of admissions− 0.1779\*\*− 4.38− 0.1022\*\*− 3.20Medicare share of admissions− 0.0843\*− 2.34− 0.1117\*\*− 3.46Occupancy rate0.0639\*\*2.660.0612\*\*2.97System member0.0215\*\*3.320.0106\*2.01Unemployment rate^b^− 0.0048\*− 2.13− 0.0054\*\*− 2.88Constant− 0.0465− 0.830.02780.57R-squared0.15490.1106\**p* \< 0.05; \*\**p* \< 0.01^a^Based on robust-standard errors^b^Market-level variable

Regarding the control variables, consistent with our expectations we found that operating margin was positively associated with number of beds, Hirschman--Herfindahl Index (an inverse measure of competition), occupancy rate, and system membership. It was negatively associated with academic medical center status, average length of stay, location in a Medicaid expansion state, Medicaid share of admissions, Medicare share of admissions, and county unemployment rate. The results for the total margin were similar to those for the operating margin equation with the exception of the estimate for the coefficient of academic medical center which was no longer significant.

Discussion {#Sec9}
==========

A major assumption of federal hospital payment policy in the United States is that hospital managers will respond to the incentives to cut expenses. Expenses could be cut by reducing the volume or quality of services or by increasing efficiency. Our results suggest that if hospitals increase efficiency, they will be rewarded with increased profits. Increased surplus can be used to fund future capital projects to expand services to the community. Inefficient hospitals will face either financial losses or be forced to reduce volume or quality of their services. Increased efficiency is important as it is the only way to increase services without increasing costs or compromising quality. From another perspective, increased efficiency allows hospitals to cut expenses without compromising the quality or quantity of services provided.

When we examine the results for the other variables, for simplicity we will use the term profitability since the results are similar in the operating margin and total margin equations for all variables, except academic medical center. As expected, the results suggest that academic medical centers (AMCs) are less profitable than other hospitals due to their teaching and research missions. AMCs tend to be much more expensive than other types of general acute care hospitals because they are tertiary care centers that attract patients who are more expensive to treat. Furthermore, they have additional costs regarding their teaching and research missions, and they require more expensive capital technology. Besides the direct expenses of graduate medical education programs and the more severely ill patients they attract, AMCs are more expensive because medical students, interns and residents tend to have an adverse impact on the productivity of other staff. The lack of significance in the total margin equation reflects the additional sources of non-operating revenue that AMCs are able to attract.

Medicare and other payers have long recognized the value and cost of graduate medical education and have reimbursed these hospitals at a much higher rate than other hospitals. MedPac ([@CR46]) reported that "Major teaching hospitals have higher overall Medicare margins than the average IPPS (inpatient prospective payment system) hospital in large part because of the extra payments they receive through the IME (indirect medical education) and DSH (disproportionate share hospital) adjustments and uncompensated care payments." However, in recent years Medicare has cut back on the generosity of its payments to AMCs. For example, in 2001, the Medicare margin for major teaching hospitals was 14.7% while this margin was 4.7% and 0.9%, for other and non- teaching hospitals (MedPac [@CR45]). In 2015, mean Medicare margins were negative for all types of hospitals with values of − 5.2%, − 5.8% and − 9.6% for major-, other- and non-teaching hospitals respectively (MedPac [@CR46]). While many payers reimburse AMCs at a higher rate than other hospitals, their payment increases do not cover all the extra costs that AMCs incur. Accordingly, the mean profitability (i.e., all-payer total margin) of AMCs has been less than that for other types of hospitals each year from 2006 to 2015 (MedPac [@CR47]).

The coefficient of system-member was positive and significant. This probably reflects firm-level scale economies which should reduce costs and enhance the bargaining power of systems which should increase revenue. Size, represented by beds, had a positive coefficient. This may reflect the ability of larger hospitals to negotiate better rates with suppliers and health plans. The former would reduce expenses and the latter would increase revenue.

Average length of stay, Medicaid share of admissions, Medicare share of admissions and unemployment rate had negative coefficients. In today's healthcare environment, over-utilization of services and unnecessary longer stays in hospitals are discouraged by both private and public payers. Expenses associated with longer hospital stays, under various reimbursement models, are not associated with more revenues. The Medicare and Medicaid variables have negative signs because public payers tend to underpay hospitals. For example, the mean overall Medicare margin ranged from − 4.9% in 2010 to − 7.1% in 2015 (MedPac [@CR46]). While Medicaid payment policy varies by state, historically Medicaid payments have been even less than Medicare payments (Cunningham et al. [@CR11]). It was not surprising that hospitals located in counties with higher rates of unemployment would be more unprofitable. Unemployment is associated with charity care and bad debt expense (Diehr et al. [@CR14]; Rosko [@CR58]). While this is less important in the wake of the implementation of the Affordable Care Act, in 2015 there were over 30 million persons without health insurance in the United States (Kaiser Family Foundation ([@CR38]) accessed online, December 2018). Much of the gains in reducing the number of uninsured was due to the expansion of Medicaid eligibility in 30 states. Thus, the gains associated with fewer uninsured patients are tempered by the low payments by Medicaid programs.

The Herfindahl--Hirschman Index (HHI) and occupancy rate had positive coefficients. The positive coefficient for the HHI suggests that profits are larger in areas in which output is more concentrated, in other words in areas where there is less competition. There is a substantial body of evidence (Dranove [@CR15]; Gaynor and Town [@CR19]) that market power allows hospitals to increase prices.

The coefficient for location in a Medicaid expansion state was negative in both equations. This is consistent with the comparison of means shown in Table [3](#Tab3){ref-type="table"}. However, in a cross-sectional study, it is impossible to attribute causality. Rosko et al. ([@CR65]) reported that mean hospital profit margins in expansion states were lower than those in non-expansion states during the entire period 2000--2015. Therefore, hospitals in expansion states were already at a financial disadvantage which could be attributed to many factors, including uncompensated care.

It is important to indicate some potential weaknesses in our methods. This is the first study to use an SFA-based measure of efficiency to examine the relationship between efficiency and profitability in NFP hospitals. There has been some controversy over the application of SFA in hospital studies. Newhouse ([@CR51]) has been one of the most vocal critics and has expressed concerns about the strong assumptions pertaining to the structure of production and the probability distribution of the composed error that is used to reflect inefficiency. However, studies in both the general literature (Greene [@CR25]) and the hospital literature (Rosko and Mutter [@CR61]) have found that cost-inefficiency estimates are robust over different cost functions and distributions for the error terms. The advantage of SFA lies on its use of a regression technique that allows it to represent the multi-product nature of hospitals with a variety of output variables and product descriptors. SFA estimates efficiency as a departure from the Best Practice Frontier (BPF). However, the BPF is not observable. Rather it is estimated by data from a sample. If all the firms in the sample are very inefficient, then the BPF is a very low bar. Nevertheless, it represents the best of what has been achieved. Another concern is that there might be reverse causality between efficiency and profitability. As mentioned earlier, we followed a standard procedure (i.e., a Hausman test) to try to ascertain if there was a simultaneity issue. However, we must point out that there is no simple test to prove that a right-hand side variable is exogenous. So, our test cannot be considered definitive. We also note that there is no technique available to deal with a potential simultaneity issue within an SFA framework. Finally, this is the first hospital SFA study to use data (i.e., clinical processes and patient experiences) from the CMS Value Based Purchasing Program. While this approach is novel and consistent with CMS measures of quality, it has not been tested in other studies. Further, this data is new and does not allow us to construct a panel study that will cover previous years.

Conclusions {#Sec10}
===========

As discussed above, improving efficiency may be the best way to decrease or contain hospital costs. Our study finds a strong link between efficiency and profit in NFP hospitals. Therefore, hospital mangers should be motivated to use techniques such as Lean or Six Sigma to improve processes that will lead to efficiency enhancements. X-efficiency theory posits that increased financial pressures will motivate managers to improve organization performance (Leibenstein [@CR43]), including efficiency. Further, efficiency is one of the domains of the Medicare Hospital Value Based Purchasing Program (VBP). Hospitals that increase efficiency (defined as Medicare spending per beneficiary) will receive bonus payments. However, the incentives for reduced spending embedded in the Medicare VBP are small (Werner and Dudley [@CR75]). Stronger incentives would improve the linkage between efficiency and profitability and would create a stronger motivation for hospital managers to increase efficiency.

This study also found a positive association between hospital size, system membership, industry concentration of output and profitability. This raises a concern that hospitals might be using market power to increase their profits rather than emphasizing a strategy in which scale economies were used to drive down costs that would, in turn, allow them to reduce prices to help make hospital care more affordable. Reviews by Dranove ([@CR15]) and Gaynor and Town ([@CR19]) found that industry concentration is associated with increased prices. Gaynor and Town ([@CR19]) wrote, "if there are significant cost reductions associated with mergers, they are not passed on to the purchasers of hospital services in the form of lower prices" (p. 552).

We found that AMC status and dependence on a larger share of Medicare or Medicaid patients was negatively associated with operating margin. Indeed, AMCs in this study had a mean operating margin of − 0.0120 in 2015, while the other hospitals in the study had an operating margin of 0.0124. In the early years of the Medicare PPS major teaching hospitals received, what was widely considered, generous Medicare payments. In fact, the Medicare indirect medical education (IME) payments overpaid major teaching hospitals by substantial amounts during the first two decades of the Medicare prospective system (MedPac [@CR46]). However, since 2000 the IME payments have been reduced substantially to reflect the "true cost" of medical education and the provision of free care to the indigent patients that these hospitals tend to attract (MedPac [@CR46]). Further, the implementation of the ACA led to reductions of Medicare DSH payments but provided for increases in uncompensated care payments sources of revenue that academic medical centers depend upon more than other-teaching or non-teaching hospitals. However, the sum of these two DSH and uncompensated care payments to all hospitals fell from \$12.2 billion in 2014 to \$10.9 million in 2015 (MedPac [@CR47]). It is not clear that the reduction in uncompensated care expenses associated with the implementation the Affordable Care Act, offset all of these reductions. AMCs rely on Medicare for a substantial portion of their revenue. While our results for the total margin suggest that AMCs have been able to obtain non-operating revenue to make up for short falls in Medicare and other payments, the anticipated future cutbacks in Medicare payments raise some concerns for the financial stability of AMCS (Chokshi et al. [@CR9]).

Appendix {#Sec11}
========

See Tables [4](#Tab4){ref-type="table"} and [5](#Tab5){ref-type="table"}.Table 4Descriptive statistics for variables in SFA equationVariableMeanSDMinimumMaximumAcute care beds as a proportion of total beds in the hospital0.91470.10470.501.00Births as a proportion of total admissions in hospital0.11390.08530.000.58Clinical process of care domain score58.290428.86090100Emergency department visits as a proportion of total outpatient visits in hospital0.31530.18170.001.00Log(admissions)9.16300.84766.3111.89Log(outpatient visits11.94480.93598.2615.54Log(post-admission days)10.42031.00376.4213.31Log(price of capital)11.09440.29559.9611.92Log(total expenses/wage index)19.11680.879816.3022.37Medicare case-mix index1.63210.25160.862.87Outpatient surgical operations as a proportion of total outpatient visits in hospital0.64790.12110.151.00Patient and caregiver centered experience of care domain score30.408316.3709199Reservation quality7.87293.67550.0029.32Low teaching intensity (0/1)0.14870.355901Medium teaching intensity (0/1)0.14920.356401High teaching intensity (0/1)0.14540.352601Table 5Parameter estimates for the SFA cost frontier model (Cobb--Douglas cost function with truncated-normal residual, n = 1823, 2015 cross-section)VariableCoefficientt-ratioConstant6.111923.9683\*\*Log(admissions)0.436514.6781\*\*Log(outpatient visits)0.220218.4747\*\*Log(post-admission days)0.24389.8447\*\*Log(price of capital)0.19209.6228\*\*Acute care beds as a percentage of total beds in hospital0.36315.7623\*\*Births as a percentage of total admissions in hospital0.04400.6250Emergency department visits as a percentage of total outpatient visits in the hospital− 0.0323− 0.7137Medicare case-mix index0.596720.8302\*\*Outpatient surgical operations as a percentage of total outpatient visits in the hospital0.19433.2389\*\*Reservation quality0.00674.2867\*\*Low teaching intensity (0/1)0.00180.1058Medium teaching intensity (0/1)0.05703.3324\*\*High teaching intensity (0/1)0.11575.8448\*\*Clinical process of care domain score− 0.0002− 0.9129Patient and caregiver centered experience of care domain score0.00369.2834\*\*Log likelihood28.4198\**p* \< 0.05; \*\**p* \< 0.01

A reviewer raised the concern that there might be reverse causality between efficiency and profitability. If this existed, the estimates would be biased. However, in the frontier literature none of the articles (Goddard et al. [@CR20], Greene and Segal [@CR27]; Papadopoulos [@CR53]) that examined the relationship between efficiency and profitability expressed a concern about reverse causality. Further, as mentioned below, the results of a Hausman test (*p* \< 0.05) could not support the existence of endogeneity.

Information for these variables and the Medicare Case-Mix Index was not collected in Maryland because these hospitals were exempt from Medicare's Value-Based Purchasing Program. Therefore, the use of these variables led to the exclusion of Maryland hospitals (n = 41) from this study.

Hospitals in rural areas were excluded from the analysis because most were exempt (due to small volume of care or exemption from the Medicare PPS) from reporting the same three variables that resulted in the exclusion of the hospitals located in Maryland.

We also estimated an HHI at core-based statistical area (CBSA) level. CBSAs are geographic areas defined by the federal Office of Management and Budget (OMB). The OMB categorizes counties within a CBSA as metropolitan statistical areas and micropolitan areas (i.e., areas containing between 10,000 and 50,000 people). Counties defined as micropolitan are not included in this study. The two HHIs were highly correlated (r = 0.63) and regression results were very similar when either of the HHIs were used.

We included beds-squared in preliminary analysis to reflect possible scale effects. However, its coefficient was not significantly different from 0 (*p* \< 0.05), so we did not include it in the final model.

We included the hospital's market share in preliminary analysis. However, because of its strong correlation with HHI we removed it to avoid multi-collinearity problems.

In the calculation of the HHI we used all general, acute hospitals (except federal) that reported data for admissions in 2015, even if they were missing other data or were non-federal, public hospitals. Thus, the HHI was based on a sample of 2200 hospitals.
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